Abstract. Methods for remote sensing shows great potential in the control and management of vast areas, such as, for example, mining Basin "Kolubara", in terms of speed, functionality and possibilities of perception of environmental problems and appropriate responses to them, compared to traditional methods. The paper explores the potential application of the methods of remote sensing and GIS applications in monitoring and controlling the emergence and spatial-temporal distribution of water pollutants in the zone affected by mining Basin "Kolubara" Lazarevac. Remote sensing methods offer the possibility of creating a system for monitoring changes in the Kolubara coal basin, including water quality monitoring, in order to define the emission of pollutants in water, the concentration of pollutants in the water, as well as the spatial distribution and potential environmental pollution. The importance of the application of remote sensing and GIS, refers to the need to develop new technologies for monitoring emissions to water in the geographic space, as well as the opportunity to discover their potential impact on the natural and human environment, and the ability to obtain quick and reliable information will be used to develop measures for the preservation and improvement of environmental quality in large mining basins.
Introduction
Process Mining, refining and processing lignite, lead to changes in all subsystems of the environment, and directly or indirectly affect the water in the zone affected by the works. Water occupies a special place among the country's natural resources. Water scarcity is becoming a global problem [16] . The growing needs of industry, agriculture and urbanization of water, as the quantity and quality will determine areas for future development. Process Mining, refining and processing lignite, lead to changes in all subsystems of the environment, and directly or indirectly affect the water of the river Kolubara. Priority to environmental protection is to establish sustainability in nature, while creating the conditions for further economic prosperity and technological development of the Kolubara basin. In order to achieve water protection in the influence area, which is in line with the needs and possibilities of nature and society, it is necessary to provide connections between industrial development and the politics of protection and improvement of the environment at all levels of social responsibility in all sectors of the economy [7] , and integrate them into the legality of contemporary environmental issues. In terms of the importance and role of this region in Serbia, it is important to analyze the limiting factors in its further development. One of the big problems is the quantity and quality of water and the pollution of the river Kolubara. Appropriate measures for the revitalization and protection in the area of Kolubara basin are of great importance for the further development and prospects of the studied area.
The paper explores the possibility of applying the methods of remote sensing and geographic information systems (GIS software), to monitor and control the emergence and spatial-temporal distribution of water pollutants in the zone affected by mining Basin "Kolubara" Lazarevac, in order to more operational and cost-effective environmental management. The aim is to determine the location of origin polluters, quantitative and qualitative characteristics of emissions into water, immission state of water in the impact zone, as well as their impact on the natural and anthropogenic elements of geo Kolubara basin through remote sensing.
In this regard, emphasis was placed on detailed analysis of aero-shots, as well as the spectral characteristics of satellite images. The results will indicate that there is a rule identification of emission sources in the water aerial photo imaging, as well as on satellite images, which will appear certain colours for different objects in the environment, and within these different shades for possible water contaminants. One of the goals is to clearly determine the spectral scales for each source of water pollution in particular. Remote Sensing shows great potential in mapping and monitoring of large area [6] , such as e. Kolubara basin, in terms of speed, functionality and cost compared to traditional methods.
Background

The research problem
Kolubara coal basin in the period after the Second World War, characterized by intense processes of quantitative and qualitative transformation of the area as a result of the territorial organization of mining-energy-industrial activities, urbanization and the distribution of the population. Comes to the transfer of rural areas in industrial -urban, with the capture of extremely large natural and agricultural areas, with massive involvement of rural people in non-agriculture (mining-industry), services [11] .
Natural environment is closed and a balanced system, which is supported [13] . Modern exploration and production lead to an imbalance of natural reproduction of elements of the natural environment. The natural system is regulated by the presence and use of a raw material for the reproduction, as well as the power within the system, providing the balance. An ecosystem is a closed character and thus provides an appropriate balance in the relationship of animate and inanimate nature. Modern industrial production does not represent a closed system, but as such it generates large amounts of waste and pollutants in all environmental media. Control of industrial polluters have important ecological and socio -economic role, both in terms of preserving the local, regional and global ecosystem and promoting organic farming, as well as a means of protecting the health and comfort of people.
Subject of research
Kolubara lignite basin is located in the Republic of Serbia, 50 km south-west of Belgrade 2 . It occupies parts of the territory of the municipality Lazarevac, Lajkovac and Ub, as well as smaller parts of the municipalities of Koceljeva and Obrenovac total area of 600 km 2 . It is characterized by flat and gently rolling fields alluvium of the Kolubara River and its tributaries Tamnava, Peštan and Turija. Kolubara River basin divided into two parts: East and West.
The so-called "productive part of the" basins (geological contours of lignite deposits in which the possible exploitation), covers an area of about 520 km 2 , while the area of the mining area is currently around 130 km 2 . Above the coal is predominantly agricultural land of high credit standing, which is used mainly for farming and fruit growing. Over lignite deposits undergo major road and rail junctions, "Ibarska magistrala", railroad BelgradeBar. Within the limits of the productive part of the basin is about 60 resorts, four of which have the function of the municipal center (Lazarevac, Lajkovac, Ub and Koceljeva). The development of energy complex, and other production structures, roads and other infrastructure encourages industrialization and urbanization, especially in the central zone of lignite basin, with associated phenomena such as the concentration of activities, population and construction space. Predominantly family housing construction in inconsistent (spontaneous), organization of space, with poorly pronounced urban planning regulations with individual furnaces for heating in the winter season [10] .
The advent of the current problems related to the rational use of natural resources and the environment in general, there is a need for finding a model for the rational management of water 2 Today is JPRB "Kolubara", the Company Mining Basin "Kolubara" , the largest and most powerful company that operates within the "Electric Power Industry of Serbia", located in Lazarevac. The main activity is the production, processing, transportation and sale of coal. It employs about 10 500 workers. Mining Basin "Kolubara" is today the largest Manufacturer of coal in Serbia, with an annual production of about 25 -30 million tons, which is about 79 % of all coal production in Serbia. The major part of the produced coal (about 90 %) is burned in power plants "Nikola Tesla" in Obrenovac and "Kolubara A" in the Veliki Crljeni total capacity 3 100 MW. Of lignite annually produces about 17 billion kWh of electricity in "EPS" -or 77.4 % of the electricity produced in thermal power. At the same time the pogonoma processing for industrial and consumer dry about 900 000 tonnes of coal and process about 1 million tons of raw coal in pieces.
protection. The process of political and economic "transition" leading to new forms of ownership and the market economy is reflected by the new solutions in environmental management. The development of the scientific basis of environmental management contributes to the development of general models for the management of the economy, manufacturing processes, and in particular mining and energy.
The main objective of this paper is to explore the specifics of functioning environmental monitoring of large expanses such as coal basins with surface mining methods, remote sensing, in order to control and water quality management.
The paper is theoretical, methodological possibilities of practical application in the control of established monitoring methods of remote sensing.
During the production and processing of coal leads to water pollution. Sources of water pollution in the mining basin "Kolubara" can be divided into process pit mining and transport of overburden and coal, which have high amounts of clay and coal dust in stagnant and flowing waters deposited or spranih with vast vegetation denuded areas, and on the other hand concentrated sources of emissions from the process of refining and processing of lignite clearly located and positioned in the area of production factory site [13] . The appearance of the emission of pollutants into water in the impact zone of the Branch "Processing" in Vreoci, is related to the natural characteristics of the materials and the appropriate solutions in the production process, and the hydrological characteristics and configuration of the field 3 .
Materials and methods
Definition of remote sensing and GIS
Remote sensing is a method of gathering information, analyzing and interpreting images of the earth's surface, taken from the earth's surface, air or cosmic space. The Serbian terminology commonly used term is the remote detection, which 3 Laboratory measurements show that wastewater from the process of refining and processing of coal loaded large amounts of suspended solids, chemical oxygen and phenols, and despite the relatively high plant efficiency of wastewater treatment plant (WWTP), the values remain high in purified water. The treated water from the wastewater treatment plant, water measuring stations across discharged into the channel and long channel about 8km transported to the Kolubara River. During the 2012th the recipient was discharged 487.297m 3 purified water for the production of water intake on the river Kolubara affected about 3,000,000 m 3 of raw water.
is a free translation of the English term Remote Sensing. In the Russian literature Дистанционние исследования, in the German Fernerkundung, in the French Teledetection. Remote sensing is defined as a method of gathering information through the system that are not in direct physical contact with the test event or object (Evelin Pruit 1960). Information obtained by recording the emitted energy facilities in the area (passive sensors), or refused energy targeted to the needs of detection (active sensors). They are based on methods that use electromagnetic energy as a tool for detecting and measuring the characteristics of objects, phenomena and processes on Earth [9] , deciphering images of visual analysis or in digital form [6] , Computer Processing. GIS is a computer system used to integrate, store, edit, analyze, and display geographic information. GIS is composed of four interactive components. Subsystem that converts the input maps (map), and other spatial data in digital form. Subsystems for storage and data connection. Subsystem analysis, and output subsystems to create maps, tables and for providing answers to the questions.
Applying GIS can perform analyzes of spatial structure, functioning and organization of space in the future, and the possibility of simulation [8] .
Application of the method of remote sensing
The use of methods of remote sensing and GIS in monitoring and controlling the emergence and spatial-temporal distribution of water pollutants in the zone of influence of the mining basin "Kolubara" Lazarevac arise from control anthropogenic, and constructed buildings and their water pollution in the analyzed geographic space [13] . On the basis of the formation of locating, identifying the amount and types of pollutants result from the proposals for future management and protection of water in the system the mining basin. Today, remote sensing plays an important role in monitoring the environment of mining areas [3] .
The study will include: -Elemental analysis of geo RB "Kolubara" remote sensing, -Determining the location of origin of water pollution, -Determining the types of water pollutants, -Determining the location of discharges of pollutants into waters as recipients, -Determining the degree of degradation of the natural elements of the environment under the influence of polluters, -Establishing the rule of occurrence of certain objects, phenomena and their spatial distribution, -Digital mapping of existing sites with sources of water pollution and altered elements of the environment RB "Kolubara", -Linking the results of GIS and presentation thereof, -Creating a better methodology to provide accurate, secure and verifiable results. Remote sensing data are an integral element of more general system information about the country, as an example to get off number 2. 
Environmental monitoring
In the process of monitoring and measurement must be selected the most important features of control, ie, must be an answer to the question "what you measure and control" and must define the methods of measurement [1] , ie. must answer the question "How do I make the measurement?". By M. Lješević [5] , the spatial coverage can be internal or external (from the local to the global level) and the inner or internal (organization or enterprise). According to the monitoring functionality may be ecological (environmental monitoring), remote monitoring and mapping [2] .
Using computer analysis of satellite imagery for scientific visualization of complex environmental data is important because of the lack of knowledge about causal relationships and rules in environmental systems [4] , where visualization is an important tool for the analysis of transparent data and identification of previously unknown structure of the analyzed area. Program monitoring is a continuous process that involves the collection of data, identification of data to be collected, determine the necessary procedures, identifying criteria and corrective measures. Ecological monitoring refers to the actual quality of the environment: the information on condition, condition monitoring and managing quality. Monitoring shall be included in all development resources: natural, human and capital in order to arrive at the real state of the environment .
By Miško Milanović and Milutin Lješević [9] , remote sensing monitoring would include monitoring of soil, water, air, vegetation cover and human capital resources.
Monitoring of water
The tests include: -Remote monitoring of water on the tape (directly and indirectly), -Remote monitoring of surface water (the visible part of the spectrum), -Remote monitoring of groundwater (IR spectrum), -Remote monitoring of pollutants, mine waters, industrial systems.
Materials and methods used in the application of remote sensing and GIS applications in control and wastewater management
For this purpose it is necessary to perform the following steps: -scanning and geo-referencing maps (Map) -digitizing maps (Map) -Encryptionimage processing -the connection to the database.
The materials used in the research include aero and satellite imagery with scenes covers the area of the mining basin "Kolubara", Software for satellite and aero-shots, as well as measuring instruments and devices, which will check the results of remote sensing at specific locations within the mining basin.
The methodology of the paper is adapted to the case, mission and purpose of the research. In this paper we use a variety of research methods, both field, and cabinet.
The methods in this study are: -methods of remote sensing, -method of analysis and synthesis of human activities in the area of the mining basin, -method of quantifying water polluters in the geo mining basin", -methods of GIS technology, -determination of the coefficient of degradation of natural elements of geo- Software for satellite images and aero -laboratory and field studies -reflection and absorption spectral records -Meteorological and climatological factors contaminated water, -determine the level of risk Geospatial natural elements, -methods of global positioning and GPS technology, -mapping the current state of the source water pollution, -mapping the active process of creating water polluters in the analyzed area. Figure 3 shows the LANDSAT satellite images of the study area that are processed in software IDRISI. Monitoring of water quality in the area of the Kolubara coal basin using remote sensing method is based on the software Idrisi, where a substrate using LANDSAT satellite images, resolution 30m. Practical application of aircraft images in the detection and analysis of large bodies of water in the mining basins and detection wastewater discharges to receiving waters analyzed spaces are shown in Figures 6, 7 , and 8.
Expected results and practical application
Results of remote sensing will be quantified and used for further processing leads to the quality of the information. Direct comparison of the results obtained by this method should allow verification value (at least three times to check each piece of data obtained Remote Sensing), which will later form the scale value of each part of the spectrum. For each spectral value corresponding to a particular object or material, and in how it comes to their impact on the environment, each spectral value will indicate the degree of influence in a particular medium. Research results obtained by location and type of certain types of water pollutants in the environment area of the mining basin Kolubara. Practical application of remote sensing for space mining basin, lies in the possibility of controlling the occurrence and movement of pollutants that could contaminate the water. Application of remote sensing, will open new avenues in the study of natural environmental elements RB "Kolubara", and not only will it examine the elements and factors of geospace, but it will be a great foundation for the implementation of specific measures for the rehabilitation, improvement and protection of its entire environment [12] . The integration of remote sensing and GIS (geographic information systems) can be done the analysis, modeling and predicting certain phenomena analyzed in geographic space. Gains are thematic maps with the specified content location and type of contaminants in the water.
The implementation process of remote sensing and geographic information system in MB "Kolubara" will allow primarily:
-more operational management of water quality and the environment, which would include an interactive approach to management (query, update, delete, add, connect ...) with databases; -identification and evaluation of water polluters in the area; -statistical analysis of the data -the digital maps (displaying maps on a computer screen and printing); -presentation of multimedia data (establishing links between the data on a map and photos); -Analysis and modification of existing data related to pollution and water quality; -view and print reports, etc...
Conclusion
This paper presents the possibility of application of remote sensing methods to monitor and control the emergence and spatial-temporal distribution of water pollutants in major coal basins.
Modern development and availability of tools and techniques of remote sensing allows more operational monitoring water pollutants and water bodies, using a combination of data with different spatial resolutions.
The importance of methods of remote sensing is related to the need to develop new technologies for monitoring natural elements Geospatial for early diagnosis of human impacts on the natural and anthropogenic resources.
Provides the ability to quick and reliable information that will be used to develop measures for the preservation and improvement of the ecological situation in the Kolubara basin, as well as the development of regional and national environmental policy.
Methodology for monitoring water pollutants remote sensing in the Kolubara basin involves the use of aero-and satellite images of medium and high resolution with the use of specialized software to manipulate satellite and ortophoto which is to determine the size and facilities from which and from which emit pollutants into the waters, their composition and based on the type of the detected values.
Factors that may limit the ability to make an accurate analysis of the investigated area are related to image quality, image acquisition time, and the methodology of interpreting the image.
